Molecular simulations have received extensive applications in various fields with well-defined molecular structures. The simulations of network polymers are still limited because of their irregular and complicated structures. This mini review intends to provide a summary of the efforts made for the simulations of network polymers, and an effective self-assembling method is suggested for the generation of random polymer networks.
Introduction
Molecular simulations have boomed in recent years for natural macromolecules such as proteins, nucleic acids and polysaccharides. Different sets of molecular force fields, such as CHARMM, AMBER, OPLS and GROMOS etc. have been developed for such bio-related systems aiming at accurate prediction of molecular motions in the microscopic world. Albeit great progress in these natural systems, the simulations of synthetic polymers are fairly limited. Up to now, even a general force field describing most synthetic polymers is scarcely seen because of their greater varieties of the repeat units. Worse still, the most important category of synthetic polymers has network structure with random cross-links between chains of different length. Such complicated network polymers are clearly beyond the capability of classical quantum chemistry or the reactive force field methods. Normal simulations can only be limited to polymers with welldefined structures, and new methods for the generation of random network polymer structures are necessary.
To mimic the polymer network systems in greatest extent, defect-free diamond-like network topologies with connections to the periodic images were generated [1, 2] , the influence of defects were also investigated with varying cross-linking densities [3] . More realistic network structures with random cross-links were also tried with the probabilistic algorithms, in which the molecules were essentially static and the capture radius for the cross-linking reaction was gradually incremented [4] . Dynamic processes of the bond fluctuation model in Monte Carlo simulations were also used for the reactive cross linking of polymer chains [5] [6] [7] [8] [9] , while it did not give realistic kinetics of the whole systems.
Molecular dynamics (MD) simulation is a proper choice for such dynamic processes. Meanwhile, non-natural arbitrary distance cut-offs from 0.4-1.0 nm were often used for the preparation of networks of bead-spring homopolymers with poly-functional cross-linkers at chain ends [10] . Similar methods were also used for more realistic models of cross-linked poly (methacrylates) [11] . Different assumptions of the amine reactivity and connection procedures were also used to build epoxy-based polymer networks [12, 13] . The dynamic cross-linking approach, whose potential reactive pairs were reacted simultaneously instead of connecting only the nearest pair at a time, was found to be more realistic in building large polymer networks with thousands of atoms [14] . In addition to the deficiencies of conversion rates at the late stage and the too-large cut-offs implemented [14] , the manual introduction of emergent bonds to the MD algorithm might make the whole process non-consecutive in binary. Selfassociation of telechelic polymer chains with screened attractive Coulomb potential [15, 16] , multi-ranged potentials [17] or even the Lennard-Jones potential [18] were also used to model the formation of gel polymers. Meanwhile, the functionalities of the associative ends could not be well monitored, and micelle-like aggregations with uncontrollable number of chains ends were obtained [16, 18] .
Based upon the united-atom polyethylene force field [19] , a realistic model of random polymer networks was developed with telechelic chains, whose maximal functionality of the crosslinker could be easily adjusted by the relative size of the particles [20] . The shifted Morse potential at the inter-atomic distance r,
r , was introduced to normal molecular dynamics simulations to govern the cross-linking of polymer chains with special end groups.
In which D is the reactive potential well depth, b is the reactive bond length and β governs the reactive interaction width. It was demonstrated that the bonding of the reactive particles abided by the dynamic cross-linking process, as illustrated in Figure 1a . All particles had the same reactivity and the random collisions between such reactive particles lead to increasing fractions of central particles with 1-4 end group particles. Because of the Volume 1 Issue 4 -2017 short-ranged nature of the reactions, the reactive potential introduced had almost no interference to the population of other particles in the systems [20] . One of the random polymer networks formed through chain-end cross-linking with such reactive particles at both ends is shown in Figure 1b , in which the functionality of the cross-linker was also set to 4. The conversion of polymer chains into the large polymer network was efficient seeing from the fractions of end-groups or chains reacted in Table 1 . Furthermore, setting the maximum functionality was done through the adjustment of end-group collision size, and the same method could also be used for linear polymerization of small molecules when setting the maximum functionality to 2, or the initiation of polymer branching after setting to 3 [21] . Thus, the self-assembling method of controllable reaction of linear chains made it possible for exact molecular simulation of multidisperse molecular weight polymers, branched polymers as well as complicated polymer networks, in which even defects were statistically tractable [22] . 
Figure 1a:
The association process of particles with maximum functionality of 4 with the evolution of simulation time t, in which f i is the fraction of reacted central particles with i end group particles. Figure 1b : The network polymer formed through random crosslinking.
